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(54) FORMATION OF SEMICONDUCTOR THIN FILM 

(57)Abstract: 

PURPOSE: To provide a formation method of an AIGalnN thin film 
of high quality which has little dislocation and point defects and is 
suitable for manufacture of a blue-color semiconductor laser 
element. 

CONSTITUTION: A carbide layer continuously changing from Si to 
SiC is formed by setting the revolving speed of a heater on which a 
substrate is located to 300 rpm or higher, and feeding a methane 
gas onto an Si substrate 11 heated to 1200° C. The temperature 
is lowered to less than 600° C, and a GaN non-single crystal 12 
20nm thick is formed. Then, a GaN layer 13 is formed with a 
substrate temperature not lower than 900° C, and an AIGalnN 
layer 15 for lattice matching with the GaN layer 13 is formed on 
the GaN layer with a substrate temperature set within a range of 
300-900° C. To form the AIGalnN thin film, an alkylamine based 
material, a hydrazine based material, or a mixture of an alkylamine 
based material, a hydrazine based material and ammonia, is used as 
a nitrogen material. Thus, an AIGalnN thin film of high quality with 
little dislocation and point defects can be formed at low 
temperatures. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the approach, of supplying the raw material containing the raw material containing 3 group 
configuration element, and nitrogen, and forming an AIGalnN thin film through a buffer coat on the heated 
substrate front face The rotational speed of the heating object which has arranged said substrate is 300 or 
more revolutions per minute. It is the approach of forming a GaN layer at the substrate temperature of 900 
degrees C or more, and forming an AIGalnN layer on said GaN layer at the substrate temperature set up 
within the limits of 300-900 degrees C. Formation of said AIGalnN layer is the formation approach of the 
AIGalnN thin film characterized by using the mixed raw material of an alkylamine system, a hydrazine 
system or an alkylamine system, a hydrazine system, and ammonia as a nitrogen raw material. 
[Claim 2] The raw material containing the raw material containing 3 group configuration element and 
nitrogen is supplied on the heated substrate front face. In the approach of forming the AIGalnN multilayers 
which consist of an Alx1Gay1Inz1N layer / Alx2Gay2Inz2N layer / Alx3Gay3Inz3N layer (Eg2<Eg1 and 
Eg3:Eg are a band gap) through a buffer coat The rotational speed of the heating object which has arranged 
said substrate is 300 or more revolutions per minute. A GaN layer is formed at the substrate temperature 
of 900 degrees C or more. The Alx3Gay3Inz3N layer which carries out lattice matching to the 
Alx1Gay1Inz1N layer which carries out lattice matching to said GaN layer at the substrate temperature set 
up within the limits of 300-900 degrees C on said GaN layer, 2% or less of Alx2Gay2Inz2N layer which 
carries out grid mismatching, and said GaN layer It is the formation approach of the AIGalnN multilayers 
characterized by being the approach of forming and formation of said AIGalnN multilayers using the mixed 
raw material of an alkylamine system, a hydrazine system or an alkylamine system, a hydrazine system, and 
ammonia as a nitrogen raw material. 

[Claim 3] The formation approach of the AIGalnN thin film which the rotational speed of the heating object 
which has arranged said substrate is 300 or more revolutions per minute, and is characterized by to 
arrange the strained layer superlattice structure which consists of an AIGalnN layer in said GaN layer and 
on a GaN layer in the approach of supplying the raw material containing the raw material containing 3 group 
configuration element, and nitrogen on the heated substrate front face, forming a GaN layer through a 
buffer coat, and forming an AIGalnN thin film on said GaN layer. 

[Claim 4] An AIGalnN layer is the formation approach of the AIGalnN thin film given [ the 1st and 3 ] in a 
claim characterized by forming by repeat supply of the raw material which supplies the raw material 
containing 3 group configuration element intermittently, and constitutes an InN layer and an AIGaN layer, 
and the formation approach of the AIGalnN multilayers the 2nd publication. 

[Claim 5] The formation approach of the AIGalnN thin film characterized by making the carbonization layer 
which heated said substrate in the ambient atmosphere of the raw material containing hydrogen gas and 
carbon in the approach of supplying the raw material containing the raw material containing 3 group 
configuration element, and nitrogen, and forming an AIGalnN thin film through a buffer coat on the heated 
substrate front face, and was formed on said substrate front face into a buffer coat. 
[Claim 6] In the approach of supplying the raw material containing the raw material containing 3 group 
configuration element, and nitrogen, and forming an AIGalnN thin film through a buffer coat on the heated 
substrate front face Subsequently with the carbonization layer which heated said substrate in the ambient 
atmosphere of the raw material containing carbon, and was formed on said substrate front face, an 
alkylamine system, The formation approach of the AIGalnN thin film characterized by making into a buffer 
coat at least the nitrated case formed on said carbonization layer front face in the ambient atmosphere 
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containing' the mixed raw material of a hydrazine system or an alkylamine system, a hydrazine system, and 
ammonia. 

[Claim 7] In the approach of supplying the raw material containing the raw material containing 3 group 
configuration element, and nitrogen, and forming an AIGalnN thin film through a buffer coat on the heated 
substrate front face An alkylamine system, a hydrazine system or an alkylamine system, a hydrazine 
system, the nitrated case formed on said substrate front face in the ambient atmosphere containing the 
mixed raw material of ammonia, the raw material which subsequently contains 3 group configuration 
element and an alkylamine system, The formation approach of the AIGalnN thin film characterized by 
making into a buffer coat the GaN non-single crystal layer formed on said nitrated case front face in the 
ambient atmosphere containing the mixed raw material of a hydrazine system or an alkylamine system, a 
hydrazine system, and ammonia. 

[Claim 8] The manufacture approach of an AIGalnN thin film given in the 5-7th either of the claims 
characterized by making into 300 or more revolutions per minute rotational speed of the heating object 
which has arranged the substrate. 

[Claim 9] The formation approach of an AIGalnN thin film given in the 1st, 3, 4, 5, 6, or the claim 
characterized by substrates being sapphire, SiC, ZnO and Si, GaAs, and GaP and InP 7. 
[Claim 10] The formation approach of the AIGalnN multilayers according to claim 2 characterized by 
substrates being sapphire, SiC, ZnO and Si, GaAs, and GaP and InP. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates [ the blue which can be used for the light source for 
information processors, such as green / blue light emitting diode and an optical disk, or ] to the thin film 
formation approach of a nitride system ingredient about the manufacture approach of the semiconductor 
laser component of short wavelength further. 
[0002] 

[Description of the Prior Art] Since 670nm band AIGalnP system red semiconductor laser was 
commercialized in 1988, development of short wavelength semiconductor laser has been actively performed 
as the light sources for information processors, such as a laser beam printer and an optical disk. Although 
the core of development was 670-690nm at the beginning, a wavelength field is shifting to helium-Ne gas 
laser and 630nm band of this level with the demand of an improvement of the visibility of a bar code reader, 
the densification of an optical disk, etc. Furthermore, it will be anxious for the semiconductor laser 
implementation ranging from the blue and green to an ultraviolet area of short wavelength from red with 
increase of storage capacity in the future, and research of 2-6 group system semiconductor laser has been 
progressing quickly ignited by p mold conductivity-type control having been attained. On the other hand, 
although gallium nitride (GaN) was an ingredient promising as a light emitting device ranging from the blue 
to an ultraviolet region in the compound semiconductor of a direct transition mold with about 3.4eV 
extensive energy gap, since a GaN bulk substrate crystal could not produce easily but there was no 
substrate crystal good otherwise, the development as semiconductor laser was seldom progressing. 
[0003] as the production approach of a GaN thin film — an alpha-aluminum 203 (sapphire) substrate top - 



JP-A-H08-56015 



4/17 s<— v 



- MOVPE — generally the approach of carrying out vapor growth by law (metal-organic chemical vapor 
deposition) is used. It is going to decompose, and this tends to make trimethylgallium and ammonia react on 
the substrate heated at about 1050 degrees C, for example, a sapphire front face, and tends to grow a GaN 
thin film. It was proved recently using C (0001) side of sapphire that a comparatively good GaN thin film 
could be formed through GaN or an AIN non-single crystal layer. However, since the difference of the very 
big grid mismatching of 13.8% or a big coefficient of thermal expansion was between a sapphire C side and 
GaN, when a non-single crystal layer was minded, although relaxation of grid mismatching was started 
efficiently, two or more [ 108cm - ] misfit rearrangements still existed, and it was not completed. [ of 
quality thin film formation ] 

[0004] As compared with that everything but the good substrate crystal which carries out lattice matching 
of the trouble when carrying out crystal growth of the AIGalnN mixed-crystal thin film containing aluminum 
and In of 4 yuan as mentioned above not existing has the low decomposition effectiveness of the ammonia 
used as a nitrogen raw material, and the growth temperature of AIN and GaN, the decomposition 
temperature of InN is collected by that it is low temperature rather than them. 

[0005] Since disassembly of ammonia took an elevated temperature, substrate temperature needed to be 
made into 900-1100 degrees C as mentioned above. For this reason, the hole of much nitrogen was 
generated in the film, and if the grown-up GaN layer remained as it was, it became the thin film in which n- 
type conduction nature is shown, and had the fault that the GaN thin film of high resistance was hard to be 
obtained. Therefore, compared with 1000 to 5000, and other ingredient systems, the so-called double 
figures of of the delivery late of three groups and five groups, and a 3 / 5 ratios needed to be enlarged 
from a single figure. Although it was desirable to grow up at low temperature as much as possible, since 
decomposition temperature was very high, even when growing up at low temperature, very a lot of ammonia 
is required for ammonia, and it had exceeded the range which can be supplied practical. 
[0006] Moreover, when AIGalnN is grown up at about 1000 degrees C using ammonia, since decomposition 
effectiveness of ammonia is low, In tends to be desorbed from a substrate front face. There was a fault 
that control of a presentation was difficult, and brought about degradation of surface morphology, and the 
AIGalnN thin film of high quality could not be easily obtained by decomposition of InN since the amount of 
incorporation of In is remarkable and there are. [ few ] 
[0007] 

[Problem(s) to be Solved by the Invention] According to the above-mentioned conventional technique, 
since ammonia was used as a raw material of the nitrogen, it was not able to grow up to be the crystal 
growth of a nitride by whenever [ low^temperature ] comparatively. Therefore, at the time of MOVPE 
growth, the big heat convection occurred on the substrate, the uniform feeding to a substrate top was 
difficult, and control of the conduction type by the impurity dope, i.e., growth of the nitride of p mold 
conduction, was difficult. This invention makes possible crystal growth which was excellent in the 
controllability with low temperature, and aims at offering the formation approach of the AIGalnN thin film in 
which it is possible to obtain a good AIGalnN thin film with few holes of nitrogen, and the conduction type 
control which can be easily made into an n-type conduction mold or p mold conductivity by the impurity 
dope is possible. It sets it as the main purposes to offer the formation approach of the AIGalnN thin film 
containing especially In. 

[0008] Moreover, according to the conventional technique, since [ that it is bad and ] the difference of a 
coefficient of thermal expansion of the adjustment of the lattice constant of a nitride and silicon on 
sapphire was also large, a pit and a crack tended to go into the grown-up nitride, it was uniform, and growth 
of the good nitride of surface smoothness was difficult for it. 

[0009] This invention can carry out thin film formation at low temperature conventionally, and aims at a 
rearrangement offering the formation approach of few good AIGalnN thin films of surface smoothness. 
[0010] Furthermore, according to the conventional technique, sapphire was used as a substrate, but 
processing was difficult and production of a device was not easy. This invention is cheap, is uniform on the 
easy substrate of processing, and aims at offering the formation approach of the good AIGalnN thin film of 
surface smoothness. 
[0011] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the formation approach 
of an AIGalnN thin film according to claim 1 In the approach of supplying the raw material containing the 
raw material containing 3 group configuration element, and nitrogen, and forming an AIGalnN thin film 
through a buffer coat on the heated substrate front face The rotational speed of the heating object which 
has arranged said substrate is 300 or more revolutions per minute. It is the approach of forming a GaN 
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layer at the substrate temperature of 900 degrees C or more, and forming an AIGalnN layer on said GaN 
layer at the substrate temperature set up within the limits of 300-900 degrees C. It is characterized by 
formation of said AIGalnN layer using the mixed raw material of an alkylamine system, a hydrazine system 
or an alkylamine system, a hydrazine system, and ammonia as a nitrogen raw material. 
[0012] The production approach of AIGalnN multilayers according to claim 2 The raw material containing 
the raw material containing 3 group configuration element and nitrogen is supplied on the heated substrate 
front face. In the approach of forming the AIGalnN multilayers which consist of an Alx1Gay1Inz1N layer / 
Alx2Gay2Inz2N layer / Alx3Gay3Inz3N layer (Eg2<Eg1 and Eg3:Eg are a band gap) through a buffer coat 
The rotational speed of the heating object which has arranged said substrate is 300 or more revolutions 
per minute. A GaN layer is formed at the substrate temperature of 900 degrees C or more. The 
Alx3Gay3Inz3N layer which carries out lattice matching to the Alx1 Gay1Inz1 N layer which carries out 
lattice matching to said GaN layer at the substrate temperature set up within the limits of 300-900 degrees 
C on said GaN layer, 2% or less of Alx2Gay2Inz2N layer which carries out grid mismatching, and said GaN 
layer It is the approach of forming and is characterized by formation of said AIGalnN multilayers using the 
mixed raw material of an alkylamine system, a hydrazine system or an alkylamine system, a hydrazine 
system, and ammonia as a nitrogen raw material. 

[0013] The production approach of an AIGalnN thin film according to claim 4 and multilayers is 
characterized by forming an AIGalnN layer by repeat supply of the raw material which supplies the raw 
material containing 3 group configuration element intermittently, and constitutes an InN layer and an AlGaN 
layer in the formation approach of an AIGalnN thin film given [ the 1st and 3 ] in a claim, and the formation 
approach of the AIGalnN multilayers the 2nd publication. 

[0014] The formation approach of an AIGalnN thin film according to claim 3 In the approach of supplying 
the raw material containing the raw material containing 3 group configuration element, and nitrogen on the 
heated substrate front face, forming a GaN layer through a buffer coat, and forming an AIGalnN thin film on 
said GaN layer The rotational speed of the heating object which has arranged said substrate is 300 or more 
revolutions per minute, and it is characterized by arranging the strained layer superlattice structure which 
consists of an AIGalnN layer in said GaN layer and on a GaN layer. 

[0015] The formation approach of an AIGalnN thin film according to claim 5 is characterized by to make 
into a buffer coat the carbonization layer which heated said substrate in the ambient atmosphere of the 
raw material containing hydrogen gas and carbon, and was formed on said substrate front face in the 
approach of supplying the raw material containing the raw material containing 3 group configuration 
element, and nitrogen, and forming an AIGalnN thin film through a buffer coat on the heated substrate front 
face. 

[0016] The formation approach of an AIGalnN thin film according to claim 6 In the approach of supplying 
the raw material containing the raw material containing 3 group configuration element, and nitrogen, and 
forming an AIGalnN thin film through a buffer coat on the heated substrate front face Subsequently with 
the carbonization layer which heated said substrate in the ambient atmosphere of the raw material 
containing carbon, and was formed on said substrate front face, an alkylamine system, It is characterized 
by making into a buffer coat at least the nitrated case formed on said carbonization layer front face in the 
ambient atmosphere containing the mixed raw material of a hydrazine system or an alkylamine system, a 
hydrazine system, and ammonia. 

[0017] The formation approach of an AIGalnN thin film according to claim 7 In the approach of supplying 
the raw material containing the raw material containing 3 group configuration element, and nitrogen, and 
forming an AIGalnN thin film through a buffer coat on the heated substrate front face An alkylamine 
system, a hydrazine system or an alkylamine system, a hydrazine system, the nitrated case formed on said 
substrate front face in the ambient atmosphere containing the mixed raw material of ammonia, the raw 
material which subsequently contains 3 group configuration element and an alkylamine system, It is 
characterized by making into a buffer coat the GaN non-single crystal layer formed on said nitrated case 
front face in the ambient atmosphere containing the mixed raw material of a hydrazine system or an 
alkylamine system, a hydrazine system, and ammonia. 

[0018] As for the rotational speed of the heating object which has arranged the substrate, in the above 
claim, it is desirable to consider as 300 or more revolutions per minute. Moreover, as for a substrate, it is 
desirable that they are sapphire, SiC, ZnO and Si, GaAs, and GaP and InP. 
[0019] 

[Function] One of the troubles in the crystal growth of an AIGalnN thin film is that the decomposition 
temperature of InN is low temperature from them as compared with the growth temperature of AIN and 
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GaN. That' is, when an AIGalnN thin film is grown up at the growth temperature of an AIGaN thin film using 
ammonia, since decomposition effectiveness of ammonia is low, In tends to be desorbed from a substrate 
front 'face. By decomposition of InN, since the amount of incorporation of In is remarkable and there are, 
control of a presentation is difficult and brings about degradation of surface morphology. [ few ] 
[0020] Since high-speed rotation of the substrate was carried out using the nitrogen raw material which 
contains an alkylamine system with low decomposition temperature, and a hydrazine system at least 
according to the production approach of the AIGalnN thin film of claim 1, and the production approach of 
the AIGalnN multilayers of claim 2, it can grow up at low temperature comparatively, and control of the gas 
convection current by the high thing and the control of dissociation of In of growth temperature are 
attained. Therefore, formation of a quality AIGalnN thin film or AIGalnN multilayers is attained from the 
former at low temperature. 

[0021] supplying material gas on a substrate by turns like In, N/N/Ga, aluminum, and N/N at low 
temperature using the nitrogen raw material containing the mixed raw material of an alkylamine system, a 
hydrazine system or an alkylamine system, a hydrazine system, and ammonia according to the production 
approach of the AIGalnN thin film of claim 3 — a nitrogen hole — few — picking ** rare ** of In — since 
it becomes stable, formation of a quality AIGalnN thin film or AIGalnN multilayers is attained from the 
former at low temperature. 

[0022] One of the troubles in the crystal growth of an AIGalnN thin film is that there is no lattice matching 
substrate. Although the nitride thin film was conventionally formed through the non-single crystal layer of 
AIN or GaN on silicon on sapphire, silicon on sapphire is difficult to process it, and it is unsuitable as a 
substrate for semiconductor devices. And between AIN or a GaN non-single crystal layer, since still big grid 
mismatching and heat distortion exist, propagation of the rearrangement generated in the interface with a 
substrate cannot be controlled enough. 

[0023] Since according to the production approach of the AIGalnN thin film of claim 4 the AIGalnN 
superlattice containing distortion is arranged before carrying out AIGalnN thin film formation, since the 
movement component to field inboard becomes large, the rearrangement generated from the substrate 
interface can control the propagation to an up layer efficiently, and can form a quality AIGalnN thin film. 
[0024] According to the production approach of the AIGalnN thin film of claims 5 and 6, carbon is spread in 
a substrate during heat treatment performed before forming an AIGalnN thin film, for example on a silicon 
substrate, and when silicon dissociates from the inside of a substrate, the carbonization layer which carries 
out continuous presentation change from silicon to SiC can be formed. Since generating of a 
rearrangement is controlled since the lattice constant of SiC is as near as the lattice constant of a nitride, 
and there is effectiveness also in relaxation of heat distortion, propagation of the rearrangement to an 
AIGalnN thin film can be reduced sharply. 

[0025] According to the production approach of the AIGalnN thin film of claim 7, nitrogen is spread in a 
substrate during heat treatment performed before forming an AIGalnN thin film, for example on a GaP 
substrate, and when P dissociates from the inside of a substrate, the nitrated case which carries out 
continuous presentation change from GaP to GaN can be formed. Furthermore, since the non-single crystal 
layer of GaN is formed, the nucleus to which homogeneity and particle size were equal can be formed. For 
this reason, since generating of a rearrangement is controlled and there is effectiveness also in relaxation 
of heat distortion, propagation of the rearrangement to an AIGalnN thin film can be reduced sharply. 
[0026] Thus, the formation of an AIGalnN thin film quality also on the easy substrate of the other 
processing, for example, a silicon substrate, and a GaP substrate including sapphire is possible. 
[0027] Therefore, this invention is very useful to the blue semiconductor laser component manufacture 
which can be used for high blue light emitting diode, the light source for information processors, etc. of 
luminous efficiency. 
[0028] 

[Example] Hereafter, an example explains this invention. In addition, about the same part, the same sign is 
described below. 

[0029] The MOVPE equipment roughly shown in drawing 1 was used for manufacture of an AIGalnN thin 
film. Here, the gas installation tubing 2 made from a quartz is attached in the interior of the coil 1 made 
from a quartz. From gas installation tubing made from a quartz, the raw material containing the raw material 
containing 3 group configuration element and nitrogen can be supplied now to coincidence. The coil 3 for 
high-frequency heating is installed in the periphery of the coil 1 made from a quartz, and the susceptor 4 
made from graphite by which the SiC coat was carried out is installed in the interior. The susceptor 4 made 
from graphite is supported by the motor by the susceptor bearing bar 5 pivotable to 1000 revolution-per- 
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minute extent. It has the composition that the substrate 7 carried on the tray 6 made from a quartz can be 
installed in susceptor 4 made from graphite top face. Moreover, the exhaust port 8 connected to the 
vacuum pump is established in the pars basilaris ossis occipitalis of the coil 1 made from a quartz, and it 
has .come to be able to perform the pressure regulation in the coil 1 made from a quartz, and exhaust air of 
gas. T 

[0030] (Example 1) Cross-section structural drawing of the AIGalnN thin film produced by the formation 
approach of the AIGalnN thin film of the first example of this invention to drawing 2 is shown. About the 
formation approach of the AIGalnN thin film using the MOVPE equipment of drawing 1 , order is explained 
later on. 

[0031] (111) After carrying out organic washing of the field silicon substrate 11, it has arranged as a crystal 
growth substrate on the tray 6 made from a quartz, and introduced in the coil 1 made from a quartz. After 
introducing hydrogen gas in the coil 1 made from a quartz, coil 1 made from a quartz internal pressure was 
set as 1/10 atmospheric pressure, and the susceptor 4 made from graphite was rotated by 800 revolutions 
per minute. The temperature up of the susceptor 4 made from graphite was carried out to 1200 degrees C 
in hydrogen gas, and silicon substrate 1 1 front face was defecated. After lowering substrate temperature to 
600 degrees C, the hydrazine was introduced as a V group raw material on the 11th page of a silicon 
substrate from the gas installation tubing 2 made from a quartz, and trimethylgallium was introduced as 3 
group raw materials after 1 minute. Installation of trimethylgallium was suspended after depositing the non- 
single crystal GaN layer 12 of 20nm of thickness. This was used as a buffer coat. Subsequently, the 
temperature up of the substrate temperature was carried out to 1000 degrees C, in addition to the 
hydrazine, ammonia was introduced as a V group raw material, and trimethylgallium was introduced as 3 
group raw materials after 1 minute. Installation of trimethylgallium was suspended after growing up the GaN 
layer 13 of 3 micrometers of thickness. When 3 micrometers grew, GaN layer 13 front face became flat, and 
propagation of the defect generated from the substrate interface was reduced remarkably. Subsequently, 
substrate temperature was lowered at 800 degrees C, trimethylgallium, trimethylaluminum, and 
trimethylindium were introduced into coincidence, and aluminumO.45GaO.5InO.05N layer 14 of 0.5 
micrometers of thickness was grown up. After suspending installation of trimethylgallium, 
trimethylaluminum, and trimethylindium, installation of a hydrazine and ammonia was suspended in the place 
which lowered substrate temperature and became the temperature of 300 degrees C or less. After dropping 
the temperature of a substrate to a room temperature, the substrate was taken out from the inside of the 
coil 1 made from a quartz. 

[0032] The obtained crystal front face was uneven, when rotating the susceptor 4 made from graphite by 
10 revolutions per minute, to In presentation of a mixed-crystal layer having been 0.02, in the case of this 
example, there was little adhesion of a resultant in the gas installation tubing 2 made from a quartz, a lot of 
resultants adhered to the gas installation tubing 2 made from a quartz, and, as for carrier concentration, 
according to the hall effect, 1015cm-3 and the 4 yuan mixed crystal with very few defects of 4 yuan were 
obtained in the mirror plane. Moreover, it checked that In presentation was set to 0.05, In was incorporated 
by high-speed rotation of 800 revolutions per minute, and a rate increased. Though it was 800 degrees C 
and low temperature, the mixed crystal of 4 yuan more nearly quality than the GaN layer which grew at 
1000 degrees C was obtained, it is the depressor effect of reduction of the nitrogen hole by these results 
having introduced a hydrazine and ammonia into coincidence, and dissociation of In, and convection- 
current control of the gas stream by high-speed rotation and a raw material are efficient — it is thought 
that it depends for incorporating. 

[0033] (Example 2) It is cross-section structural drawing of the AIGalnN multilayers produced by the 
formation approach of the AIGalnN multilayers of the second example of this invention to drawing 3 . About 
the formation approach of AIGalnN multilayers using the MOVPE equipment of drawing 1 , order is 
explained later on. 

[0034] (111) After carrying out organic washing of the field silicon substrate 1 1, it has arranged as a crystal 
growth substrate on the tray 6 made from a quartz, and introduced in the coil 1 made from a quartz. After 
introducing hydrogen gas in the coil 1 made from a quartz, coil 1 made from a quartz internal pressure was 
set as 1/10 atmospheric pressure, and the susceptor 4 made from graphite was rotated by 800 revolutions 
per minute. The temperature up of the susceptor 4 made from graphite was carried out to 1200 degrees C 
in hydrogen gas, and silicon substrate 1 1 front face was defecated. After lowering substrate temperature to 
600 degrees C, the hydrazine was introduced as a V group raw material on the 1 1th page of a silicon 
substrate from the gas installation tubing 2 made from a quartz, and trimethylgallium was introduced as 3 
group raw materials after 1 minute. 
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[0035] Installation of trimethylgallium was suspended after depositing the non-single crystal GaN layer 12 
of 20nm of thickness. This was used as a buffer coat. Subsequently, the temperature up of the substrate 
temperature was carried out to 1000 degrees C, in addition to the hydrazine, ammonia was introduced as a 
V group raw material, and trimethylgallium was introduced as 3 group raw materials after 1 minute. 
Installation of trimethylgallium was suspended after growing up the GaN layer 13 of 3 micrometers of 
thickness. 

[0036] When 3 micrometers grew, GaN layer 13 front face became flat, and propagation of the defect 
generated from the substrate interface was reduced remarkably. Subsequently, substrate temperature was 
lowered at 800 degrees C, trimethylgallium, trimethylaluminum, and trimethylindium were introduced into 
coincidence, and aluminumO.45GaO.5InO.05N layer 15 of 1.0 micrometers of thickness which carried out 
lattice matching to the GaN layer 13 was grown up. After suspending installation of trimethylgallium, 
trimethylaluminum, and trimethylindium, substrate temperature was lowered to 700 degrees C, 
trimethylgallium and trimethylindium were introduced into coincidence, and Ga0.8In0.2N layer 16 of 0.01 
micrometers of thickness with a stacking fault was grown up. Subsequently, after suspending installation of 
trimethylgallium and trimethylindium, the temperature up of the substrate temperature was carried out to 
800 degrees C, trimethylgallium, trimethylaluminum, and trimethylindium were introduced into coincidence, 
and aluminumO.45GaO.5InO.05N layer 17 of thickness 1.0um which carried out lattice matching to the GaN 
layer 13 was grown up again. After suspending installation of trimethylgallium, trimethylaluminum, and 
trimethylindium, installation of a hydrazine and ammonia was suspended in the place which lowered 
substrate temperature and became the temperature of 300 degrees C or less. After dropping the 
temperature of a substrate to a room temperature, the substrate was taken out from the inside of the coil 
1 made from a quartz. 

[0037] The front face of the obtained AIGalnN multilayers is a mirror plane, and checked strong 
luminescence from Ga0.8In0.2N layer 16 as a result of photoluminescence measurement 
[0038] When rotating the susceptor 4 made from graphite by 10 revolutions per minute, a lot of resultants 
adhere to the gas installation tubing 2 made from a quartz, the obtained crystal front face was uneven, In 
presentation was set to 0.2, In was incorporated by rotation of 800 revolutions per minute, and increase of 
a rate was checked [ in the case of this example, there was little adhesion of a resultant in the gas 
installation tubing 2 made from a quartz to In presentation of a GalnN layer having been 0.12, ]. Though it 
was 800 degrees C and low temperature, the multilayers containing In more nearly quality than GaN which 
grew at 1000 degrees C were obtained, it is the depressor effect of reduction of the nitrogen hole by these 
results having introduced a hydrazine and ammonia into coincidence, and dissociation of In, and 
convection-current control of the gas stream by high-speed rotation and a raw material are efficient — it 
is thought that it depends for incorporating. 

[0039] Moreover, formation of multilayers was possible, maintaining crystallinity comparable as lattice 
matching mixed crystal, even if it introduced GalnN with a stacking fault. 

[0040] (Example 3) Cross-section structural drawing of the AIGalnN thin film produced by the formation 
approach of the AIGalnN thin film of the third example of this invention to drawing 4 is shown. About the 
manufacture approach of the AIGalnN thin film using the MOVPE equipment of drawing 1 , order is 
explained later on. 

[0041] (111) After carrying out organic washing of the field silicon substrate 11, it has arranged as a crystal 
growth substrate on the tray 6 made from a quartz, and introduced in the coil 1 made from a quartz. After 
introducing hydrogen gas in the coil 1 made from a quartz, coil 1 made from a quartz internal pressure was 
set as 1/10 atmospheric pressure, and the susceptor 4 made from graphite was rotated by 800 revolutions 
per minute. The temperature up of the susceptor 4 made from graphite was carried out to 1200 degrees C 
in hydrogen gas, and silicon substrate 1 1 front face was defecated. After lowering substrate temperature to 
600 degrees C, the hydrazine was introduced as a V group raw material on the 11th page of a silicon 
substrate from the gas installation tubing 2 made from a quartz, and trimethylgallium was introduced as 3 
group raw materials after 1 minute. Installation of trimethylgallium was suspended after depositing the non- 
single crystal GaN layer 1 2 of 20nm of thickness. This was used as a buffer coat. 

[0042] Subsequently, the temperature up of the substrate temperature was carried out to 1000 degrees C, 
in addition to the hydrazine, ammonia was introduced as a V group raw material, and trimethylgallium was 
introduced as 3 group raw materials after 1 minute. Installation of trimethylgallium was suspended after 
growing up the GaN layer 13 of 3 micrometers of thickness. When 3 micrometers grew, GaN layer 13 front 
face became flat, and propagation of the defect generated from the substrate interface was reduced 
remarkably. Subsequently, substrate temperature was lowered at 800 degrees C, trimethylgallium and 
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trimethylafuminum were introduced into coincidence, and aluminum0.3Ga0.7N layer 18 of 2nm of thickness 
was grown up. After suspending installation of trimethylgallium and trimethylaluminum, trimethylgallium and 
trimethylindium were introduced into coincidence and GaO.8InO.2N layer 19 of 2nm of thickness was grown 
up. After growing up the aluminum0.3Ga0.7 N/Ga0.8In0.2N strained layer superlattice 20 of 40 periods 
continuously, trimethylgallium was introduced again, the GaN layer 21 of 2 micrometers of thickness was 
grown up, and installation of trimethylgallium was suspended. Subsequently, trimethylgallium, 
trimethylaluminum, and trimethylindium were introduced into coincidence and aluminum0.45Ga0.5In0.05N 
layer 14 of 0.5 micrometers of thickness was grown up. After suspending installation of trimethylgallium, 
trimethylaluminum, and trimethylindium, installation of a hydrazine and ammonia was suspended in the place 
which lowered substrate temperature and became the temperature of 300 degrees C or less. After dropping 
the temperature of a substrate to a room temperature, the substrate was taken out from the inside of the 
coil 1 made from a quartz. 

[0043] By introducing the aluminum0.3Ga0.7 N/Ga0.8In0.2N strained layer superlattice 20, propagation of 
the defect generated from the substrate interface was controlled remarkably, and the defect of about 
double [ more ] figures was reduced compared with the case of an example 1. According to [ in the 
obtained crystal front face ] the hall effect in a mirror plane, carrier concentration is three or less 
[ 1015cm - ], and the GaN layer growth temperature grew up to be at 1000 degrees C though it was 800 
degrees C and low temperature, and 4 yuan mixed crystal still more nearly quality than the case of an 
example 1 were obtained. 

[0044] (Example 4) It is cross-section structural drawing of the AIGalnN multilayers produced by the 
formation approach of the AIGalnN multilayers of the fourth example of this invention to drawing 5 . About 
the formation approach of AIGalnN multilayers using the MOVPE equipment of drawing 1 , order is 
explained later on. 

[0045] (111) After carrying out organic washing of the field silicon substrate 11, it has arranged as a crystal 
growth substrate on the tray 6 made from a quartz, and introduced in the coil 1 made from a quartz. After 
introducing hydrogen gas in the coil 1 made from a quartz, coil 1 made from a quartz internal pressure was 
set as 1/10 atmospheric pressure, and the susceptor 4 made from graphite was rotated by 800 revolutions 
per minute. The temperature up of the susceptor 4 made from graphite was carried out to 1200 degrees C 
in hydrogen gas, and silicon substrate 1 1 front face was defecated. After lowering substrate temperature to 
600 degrees C, the hydrazine was introduced as a V group raw material on the 1 1th page of a silicon 
substrate from the gas installation tubing 2 made from a quartz, and trimethylgallium was introduced as 3 
group raw materials after 1 minute. Installation of trimethylgallium was suspended after depositing the non- 
single crystal GaN layer 12 of 20nm of thickness. This was used as a buffer coat. 

[0046] Subsequently, the temperature up of the substrate temperature was carried out to 1000 degrees C, 
in addition to the hydrazine, ammonia was introduced as a V group raw material, and trimethylgallium was 
introduced as 3 group raw materials after 1 minute. Installation of trimethylgallium was suspended after 
growing up the GaN layer 13 of 3 micrometers of thickness. When 3 micrometers grew, GaN layer 13 front 
face became flat, and propagation of the defect generated from the substrate interface was reduced 
remarkably. Subsequently, substrate temperature was lowered at 800 degrees C, trimethylgallium, 
trimethylaluminum, and trimethylindium were introduced into coincidence, and aluminumO.45GaO.5InO.05N 
layer 15 of 1.0 micrometers of thickness which carried out lattice matching to the GaN layer 13 was grown 
up. After suspending installation of trimethylgallium, trimethylaluminum, and trimethylindium, substrate 
temperature was lowered to 600 degrees C. Subsequently, as shown in the supply procedure of the 
material gas of drawing 6 (a), after it introduced trimethylindium and 1nm grew InN22, trimethylindium was 
stopped, trimethylgallium and trimethylaluminum were introduced and 1nm AIGaN23 was grown up. Thus, it 
supplied alternately 30 times. 

[0047] The false AIGalnN layer 24 by this was formed. After suspending installation of trimethylgallium and 
trimethylaluminum, the temperature up of the substrate temperature was carried out to 800 degrees C, 
trimethylgallium, trimethylaluminum, and trimethylindium were introduced into coincidence, and 
aluminum0.45Ga0.5In0.05N layer 17 of 1.0 micrometers of thickness which carried out lattice matching to 
the GaN layer 13 was grown up again. After suspending installation of trimethylgallium, trimethylaluminum, 
and trimethylindium, installation of a hydrazine and ammonia was suspended in the place which lowered 
substrate temperature and became the temperature of 300 degrees C or less. After dropping the 
temperature of a substrate to a room temperature, the substrate was taken out from the inside of the coil 
1 made from a quartz. 

[0048] The front face of the obtained AIGalnN multilayers is a mirror plane, and checked strong 
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luminescence from the false AIGalnN layer 24 which consists of a strained layer superlattice of 22 layer of 
InN(s), and 23 layer of AIGaN(s) as a result of photoluminescence measurement. By this invention, long 
luminescence with a wavelength of 500nm or more which did not have nothing profit until now was able to 
be obtained compared with the formation approach shown in a conventional approach and a conventional 
example 2. 

[0049] In addition, the same result was obtained also in the formation approach shown in the material gas 
supply procedure of drawing 5 (b). 

[0050] (Example 5) Cross-section structural drawing of the AIGalnN thin film produced by the formation 
approach of the AIGalnN thin film of the fifth example of this invention to drawing 7 is shown. About the 
formation approach of the AIGalnN thin film using the MOVPE equipment of drawing 1 , order is explained 
later on. 

[0051] (111) After carrying out organic washing of the field silicon substrate 11, it has arranged as a crystal 
growth substrate on the tray 6 made from a quartz, and introduced in the coil 1 made from a quartz. After 
introducing hydrogen gas in the coil 1 made from a quartz, coil 1 made from a quartz internal pressure was 
set as 1/10 atmospheric pressure, and the susceptor 4 made from graphite was rotated by 800 revolutions 
per minute. The temperature up of the susceptor 4 made from graphite was carried out to 1200 degrees C 
in hydrogen gas, and silicon substrate 1 1 front face was defecated. Methane was introduced and the 
carbonization layer 25 was formed in the substrate front face. After lowering substrate temperature to 600 
degrees C, the hydrazine was introduced as a V group raw material on the 11th page of a silicon substrate 
from the gas installation tubing 2 made from a quartz, and trimethylgallium was introduced as 3 group raw 
materials after 1 minute. Installation of trimethylgallium was suspended after depositing the non-single 
crystal GaN layer 12 of 20nm of thickness. This was used as a buffer coat. Subsequently, the temperature 
up of the substrate temperature was carried out to 1000 degrees C, in addition to the hydrazine, ammonia 
was introduced as a V group raw material, and trimethylgallium was introduced as 3 group raw materials 
after 1 minute. 

[0052] Installation of trimethylgallium was suspended after growing up the GaN layer 13 of 3 micrometers 
of thickness. When 3 micrometers grew, GaN layer 13 front face became flat, and propagation of the defect 
generated from the substrate interface was reduced remarkably. Subsequently, substrate temperature was 
lowered at 800 degrees C, trimethylgallium, trimethylaluminum, and trimethylindium were introduced into 
coincidence, and aluminum0.45Ga0.5In0.05N layer 14 of 0.5 micrometers of thickness was grown up. After 
suspending installation of trimethylgallium, trimethylaluminum, and trimethylindium, installation of a 
hydrazine and ammonia was suspended in the place which lowered substrate temperature and became the 
temperature of 300 degrees C or less. After dropping the temperature of a substrate to a room 
temperature, the substrate was taken out from the inside of the coil 1 made from a quartz. 
[0053] According to this invention, according to [ in the obtained crystal front face ] the hall effect in a 
mirror plane, carrier concentration is three or less [ 1015cm - ], and the GaN layer growth temperature 
grew up to be at 1000 degrees C though it was 800 degrees C and low temperature, and 4 yuan mixed 
crystal still more nearly quality than the case of an example 1 were obtained. Moreover, by carbonizing 
silicon substrate 11 front face, generating of the defect from a substrate interface was controlled 
remarkably, and the defect of about double [ more ] figures was reduced compared with the case of an 
example 1. 

[0054] When silicon on sapphire was used for this formation approach, effectiveness was not accepted but, 
in the case of the silicon substrate, was completely very effective. 

[0055] (Example 6) Cross-section structural drawing of the AIGalnN thin film produced by the formation 
approach of the AIGalnN thin film of the sixth example of this invention to drawing 8 is shown. About the 
formation approach of the AIGalnN thin film using the MOVPE equipment of drawing 1 , order is explained 
later on. 

[0056] (111) After carrying out organic washing of the field silicon substrate 11, it has arranged as a crystal 
growth substrate on the tray 6 made from a quartz, and introduced in the coil 1 made from a quartz. After 
introducing hydrogen gas in the coil 1 made from a quartz, coil 1 made from a quartz internal pressure was 
set as 1/10 atmospheric pressure, and the susceptor 4 made from graphite was rotated by 800 revolutions 
per minute. The temperature up of the susceptor 4 made from graphite was carried out to 1200 degrees C 
in hydrogen gas, and silicon substrate 1 1 front face was defecated. Methane was introduced and the 
carbonization layer 25 was formed in the substrate front face. Then, installation of methane was 
suspended, the hydrazine was introduced and the nitrated case 26 was formed on the carbonization layer 
25. After lowering substrate temperature to 600 degrees C, the hydrazine was introduced as a V group raw 
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material on the 11th page of a silicon substrate from the gas installation tubing 2 made from a quartz, and 
trimethylgallium was introduced as 3 group raw materials after 1 minute. Installation of trimethylgallium was 
suspended after depositing the non-single crystal GaN layer 12 of 20nm of thickness. This was used as a 
buffer coat 

[00§7] Subsequently, the temperature up of the substrate temperature was carried out to 1000 degrees C, 
in addition to the hydrazine, ammonia was introduced as a V group raw material, and trimethylgallium was 
introduced as 3 group raw materials after 1 minute. Installation of trimethylgallium was suspended after 
growing up the GaN layer 13 of 3 micrometers of thickness. When 3 micrometers grew, GaN layer 13 front 
face became flat, and propagation of the defect generated from the substrate interface was reduced 
remarkably. Subsequently, substrate temperature was lowered at 800 degrees C, trimethylgallium, 
trimethylaluminum, and trimethylindium were introduced into coincidence, and aluminum0.45Ga0.5In0.05N 
layer 14 of 0.5 micrometers of thickness was grown up. After suspending installation of trimethylgallium, 
trimethylaluminum, and trimethylindium, installation of a hydrazine and ammonia was suspended in the place 
which lowered substrate temperature and became the temperature of 300 degrees C or less. After dropping 
the temperature of a substrate to a room temperature, the substrate was taken out from the inside of the 
coil 1 made from a quartz. 

[0058] According to [ in the crystal front face where it was obtained in the case of this example ] the hall 
effect in a mirror plane, carrier concentration is three or less [ 1015cm - ], and the GaN layer growth 
temperature grew up to be at 1000 degrees C though it was 800 degrees C and low temperature, and 4 
yuan mixed crystal still more nearly quality than the case of an example 1 were obtained. Moreover, 
generating of the defect from a substrate interface was remarkably controlled by carbonizing silicon 
substrate 1 1 front face. Moreover, since GaN carried out nuclear growth easily and precisely by nitriding a 
front face, even if compared with the case of an example 6, the defect was reduced further. 
[0059] When silicon on sapphire was used for this formation approach, effectiveness was not accepted but, 
in the case of the silicon substrate, was completely very effective. 

[0060] (Example 7) Cross-section structural drawing of the AIGalnN thin film produced by the formation 
approach of the AIGalnN thin film of the seventh example of this invention to drawing 9 is shown. About the 
formation approach of the AIGalnN thin film using the MOVPE equipment of drawing 1 , order is explained 
later on. 

[0061] (111) After carrying out organic washing of the field GaP substrate 27, it has arranged as a crystal 
growth substrate on the tray 6 made from a quartz, and introduced in the coil 1 made from a quartz. After 
introducing hydrogen gas in the coil 1 made from a quartz, coil 1 made from a quartz internal pressure was 
set as 1/10 atmospheric pressure, and the susceptor 4 made from graphite was rotated by 800 revolutions 
per minute. The temperature up of the susceptor 4 made from graphite was carried out to 800 degrees C in 
the phosphine ambient atmosphere, and GaP substrate 27 front face was defecated. Installation of a 
phosphine was suspended, the hydrazine was introduced and the nitrated case 28 was formed in the 
substrate front face. After lowering substrate temperature to 600 degrees C, trimethylgallium was 
introduced as 3 group raw materials on the 27th page of a GaP substrate from the gas installation tubing 2 
made from a quartz. Installation of trimethylgallium was suspended after depositing the non-single crystal 
GaN layer 1 2 of 20nm of thickness. This was used as a buffer coat. Subsequently, the temperature up of 
the substrate temperature was carried out to 1000 degrees C, in addition to the hydrazine, ammonia was 
introduced as a V group raw material, and trimethylgallium was introduced as 3 group raw materials after 1 
minute. 

[0062] Installation of trimethylgallium was suspended after growing up the GaN layer 13 of 3 micrometers 
of thickness. When 3 micrometers grew, GaN layer 13 front face became flat, and propagation of the defect 
generated from the substrate interface was reduced remarkably. Subsequently, substrate temperature was 
lowered at 800 degrees C, trimethylgallium, trimethylaluminum, and trimethylindium were introduced into 
coincidence, and aluminumO.45GaO.5InO.05N layer 14 of 0.5 micrometers of thickness was grown up. After 
suspending installation of trimethylgallium, trimethylaluminum, and trimethylindium, installation of a 
hydrazine and ammonia was suspended in the place which lowered substrate temperature and became the 
temperature of 300 degrees C or less. After dropping the temperature of a substrate to a room 
temperature, the substrate was taken out from the inside of the coil 1 made from a quartz. 
[0063] According to this invention, according to [ in the obtained crystal front face ] the hall effect in a 
mirror plane, although carrier concentration is three or less [ 1015cm - ] and used GaP for the substrate, 
the mixed crystal of 4 quality yuan comparable as AIGalnN formed on sapphire was obtained, moreover, by 
nitriding GaP substrate 27 front face, generating of the defect from a substrate interface was controlled 
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remarkably, and silicon on sapphire and a until [ comparable ] defect were reduced. 
[0064] In the case of the GaP substrate, this formation approach was very effective. In addition, this 
invention is not limited to the example mentioned above. For example, the substrate to be used is not 
limited to an above-mentioned substrate. Moreover, the raw material used for crystal growth is not an 
above-mentioned limitation, either. The configuration of AIGalnN multilayers is not limited, either. 
, [0065] 

[Effect of the Invention] Thus, according to this invention, since a substrate is rotated at high speed, using 
the mixed raw material of an alkylamine system, a hydrazine system or an alkylamine system, a hydrazine 
system, and ammonia as a nitrogen raw material, the AIGalnN thin film containing In with few point defects 
of a nitrogen hole etc. can be easily formed at low temperature. 

[0066] Moreover, since the super-thin film multilayers which formed InN and AIGaN by turns constitute an 
AIGalnN thin film, a more nearly quality AIGalnN thin film can be formed. 

[0067] Moreover, since an AIGalnN strained layer superlattice structure is formed in advance of AIGalnN 
thin film formation, propagation of a rearrangement is reduced remarkably and a quality AIGalnN thin film 
can be formed. 

[0068] Moreover, since a presentation forms the carbonization layer and nitrated case which change 
continuously in advance of non-single crystal layers, such as GaN, propagation of a rearrangement is 
reduced remarkably and quality AIGalnN can be formed also on substrates other than sapphire. 
[0069] Therefore, it is very useful to the blue semiconductor laser component manufacture which can be 
used for high blue light emitting diode, the light source for information processors, etc. of luminous 
efficiency. 



[Translation done.] 
* NOTICES * 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The schematic diagram of the MOVPE equipment explaining the formation approach of the 
example this invention 

[Drawing 2] Cross-section structural drawing of the AIGalnN thin film by the formation approach of the 
AIGalnN thin film of the first example this invention 

[Drawing 3] Cross-section structural drawing of the AIGalnN multilayers by the formation approach of the 
AIGalnN multilayers of the second example this invention 

[Drawing 4] Cross-section structural drawing of the AIGalnN thin film by the formation approach of the 
AIGalnN thin film of the third example this invention 

[Drawing 5] Cross-section structural drawing of the AIGalnN thin film by the formation approach of the 
AIGalnN multilayers of the fourth example this invention 

[Drawing 6] The supply procedure Fig. of the material gas of the fourth example of this invention 
[Drawing 7] Cross-section structural drawing of the AIGalnN thin film by the formation approach of the 
AIGalnN thin film of the fifth example this invention 

[Drawing 8] Cross-section structural drawing of the AIGalnN thin film by the formation approach of the 
AIGalnN thin film of the sixth example this invention 

[Drawing 9] Cross-section structural drawing of the AIGalnN thin film by the formation approach of the 
AIGalnN thin film of the seventh example this invention 
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[Description of Notations] 

1 Coil made from Quartz 

2 Ga% Installation Tubing made from Quartz 

3 Coil for High-frequency Heating 

4 Sysceptor made from Graphite 

5 Susceptor Bearing Bar 

6 Tray made from Quartz 

7 Substrate 

8 Exhaust Port 

1 1 Silicon Substrate 

1 2 Non-Single Crystal GaN Layer 

13 21 GaN layer 

14, 15, 17 aluminumO.45GaO.5InO.05N layer 

16 19 GaO.8InO.2N layer 

18 Aluminum0.3Ga0.7N Layer 

20 Aluminum0.3Ga0.7 N/Ga0.8In0.2N Strained Layer Superlattice 

22 InN Layer 

23 AIGaN Layer 

24 False AIGalnN Layer 

25 Carbonization Layer 

26 28 Nitrated case 

27 GaP Substrate 



[Translation done.] 
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Drawing 2] 




[Drawing 3] 
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[Drawing 4] 
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[Drawing 9] 
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[Translation done.] 
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7£StO*Hr2fa$E©A 1 Ga I nNgHfM©ffJJ?5dj&. 

j; vmm*^tsmm*m& l xmmm* ft l x 
a 1 Ga 1 nNmrnzftm-rzynmcto^x. *m*sx 
t i%m*^tsmn<DnmM.'pxm3m&* mm i> mam 

T<E> A 1 G a I nnmm<DBfi^m. 
[ m#m 6 ] mm £ *i*:»&*s±5c 3 ^^ss^ 50 



#IPfl¥8 - 5 6 0 1 5 

2 

tsmmte £ umm*^tsmm*m^ l xmmm* ft u x 

A 1 Ga I nN^^rJf^-r^^fSiCfc^r. mM*^ 

tsmm^mn^x mnm^.*mm l pib««sh±oc 

r(Dm^mm*^tsmm^xmummmM±.^m 
Ltcmtm*'j>rj;< ti>mmmt?&ct*mmt-?z> 

A 1 Ga I nNS)Ji©JfM*^ 

tsmmis j: o'^*$t?M^4*«*& o xmmm* ft l x 

A 1 Ga I nNli^MtSMKfc^t^ T;M^ 

iBa«^M±(c?f$)S l tcmitm t>x^x3 mnf&Tcm* 

T'B?IB^t)iaffi±(CffM L/cG aN# 
i£fcyiJI£«i£T&t££m£Tr&A IGa I n 
N^)il©0^& 

CI»*W8 ] »g*IBgLfcM&ft©[Hl¥5>IK£3 0 0 
@lg/#iJU:£ T -2, C £ £ -T £f»3j3Ili? 5 ~ 7 © 
^•rn^tCfatg©A IGaIn N^©8^^So 

[ft3?IiS9 ] MUM V? v4T, S i C. ZnO. s 

i. Ga A s > GaP, 1 n C t *W®Lt1rZ> 

3. 4 V 5, 6. 7©C^rtl*HClB$g©A 

1 G a I n N«J«©ffJ^& 

immm I 0 ] r J T . S iC, ZnO, S 

i v Ga A s , GaP, I n PX&h C £ *Wtikt-f S 
!B^ii2fBtS©A 1 Ga I nN^flJP©^^., 
[^©Pffl^I^] 

[0 0 0 1 ] 

^feSfe©-C*€.„ 
[0002] 

[^*©S^] 1 9 8 8^iC6 7 OnmSA 1 Ga I n 

7?<m<Dmm.xmmm.mytm t l x^m 
mmm# b - wwimv&mcftfrtix i >z . ^ %© * 

670~690nm-C*o /t-a - F 'J 
- ^©miStt©afe« . ©iffffiiS j b^©S* 5c 

ifc^to-C, j^SM^SfSH e -N eijXV-V £|SJU^ 
JbO6 3 0 nm^i^flooJf,|,„ Se>tC^*. IB 

\mm<DmKc&^x. m&.£<omm&(Dn ■ 

P ^*M$iJti|l^"5Jfig £ ^ o /c C £ *mm<<c 2 -6 J6£fi 

*jiM*b— tf<Dm3z&MMicmm.uxsx^z. 
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[ 0 0 0 3 ] G a N»K©fRK*ffi<!: U"Ctt. or — A l 

,0, (f7 7-fr) iiiKMovPEft (mm&mm. 

n^. cfttt. h iM^Ji/tf 'j^Air:^- 
74 1 0 5 0*CSffitC»mUfc««. Wittf. D~7r<< 10 
T*ffi±r#8¥. SJSS-e. GaNH^ftbiH 
TSfe©-C*-5 0 Sfilf^T WT© (0 0 0 1 ) CiB?: 
ffllr*. GaN^A 1 N*WU&SH*^OTJt«to&*t© 
GaN»JK*^jSrS*e£#^S*ifc. L*»U ^ 
7r-f7CIiGaNiOW(C«13. 8 %£l> ^H£> 
r* # &&^F^£-?>*: £ fc8ftfli*5gfl$fc©ii#A & © 

fntt^Wtcfcc £*>©©«&£ ur l 0 s cm-'feUb 

iS>r>tc a 20 
[0 0 04] Al. In £$tr A 1 G a I n N07Sftll 

£LrJEl>6*i-&T>^e- r ©^fB»s|5*HSl > C 
£. RCA IN. GaN©^SSK«Cit*5L/T I nN© 

[0 0 0 5 ] Tls*:~T<DftMlC\X-mm%&-?Zt£lt>, 

±m<D£ *> IcWRmAZ 9 0 0-1 1 0 0 °c<,c-?&&^ 

i«co-Cl/*t». ,*ffila©GaN»BI#»6*ifc:<i,»£ 
l>5$062>s&-3fc. U/c*s-?T. 3ft£5ft©gW&Jt. 
l»*>{9>& 3 /5 tb£ 1000^«E>5000 iffe©W*4* 
*C tb^r Hff* 6 2 < T SjK*** A o fc. V £ -5 

#JBS&#k#ttiC.*l»©-C. fiS-C^S^rtT^ia^-C 

fe. fe6r^©T>^~T#sj£gr-&D> Hfflfifyctt 

[0006]Sfc, T>^&~T£fflt,>r 1 0 0 OTtflJg 
"OA 1 G a I nN©l&g£tf-?fc*8£\ T>-t-=-Ttt# 40 

I nN©#«ic<fc->T I n©HX9i2^S^L-<4>&t,> 
tab. ffli3;©$iJWgait-c, si©t*ny-©^h* 
fefciil, W a °aW©A 1 Ga I nNifJK*^#6*ue< n 

[0007] 

*-r*fflt»fcfc«&. Jt)RWfiiaiarjiSfi%tf^ etas 

Tttoofc. Utcifi-,X> MOVP EJ&gB^c, S« 50 
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t3^pgaGji»©Sfi:«©fiRfifefflJtr*ofc. 

©S?La*4>& «,>&«© A 1 Ga I nN3BR*SSC£#« 

pStS»tttcL»SeJSSS(WW©flJfi6&A 1 Ga I n N 
»K©J&£;^*tt«-rSCi£SW£-rS. WJCI n 
£^t?A 1 G a I n N«H©0^ffi*ffi^S C<b4 
££tBW£ Urt>*. 

[0 00 8] S/c«£*K}RK<tn«. r 

Tas«t©«^3e«©«^tttsH<. */c gti&ss^© 

HfiX 0 -?>T < . ft-r^±§14© J: i^f[Ji©RS;g^fflllt 
■ca-^/co 

[0009] #is!8tt. o terar^M^r^, 

feW^^TOttCi^A 1 Ga I nNSWii©JfM^ 

-r s c i * s w i r * . 

[0010] 3 e>«cfi£*K«{cJ:ntf. -9-7 rArtm 

««±Cci^i-r^Jitt©cfcnA 1 Ga I nN?VJR©jft$ 
[0 0 1 1 ] 

[tlM£f!??&Tr&7c&©3M2] ±IBSW£itJ&T-57c& 
K, 1 tatS© A 1 G a I n N»J«©^fiJ£&ffiti. 

%kfc(Dmmm&&3 0 oiaifK/^feUi-c&or, 900 

°C«±©S«SSr' GaNMMl, buIBG a N)B_h 
tC300~900 XI©ifiHF»J«:K)£L/?taHEjaflEr A 1 
Ga I n NMWi^STSiot, huIEA 1 Ga I 
n NJB©JKjatt7;l/+ JUT 5 >3R. t K7$»ig&L>< 
IJTJU+JUTS^, tF5y>f<!:7> ; fc-7©S^ 

[0012] gft*^ 2 f2t£©A 1 G a I n N^ilOff 

l.iGa,, I n ZI NH/A 1 „Ga„ I n„Ni/A 1„ 
Ga v3 I n.jNf (Eg^Eg,, Eg, : Eg»A> 
K+> y sfia^ttSA 1 Ga I nN«^MTS 

*ffi(c*j^r . ituiEStasrieg o /^^©iiteaia^ 

3 0 0 §e/^±r* ^t, 9 0 0 "C«±©S*iSJK 
r-GaNJl^Jf^L.. MfEGaNJl±iC3 0 0~9 0 0 

•c©!6fflrtrci&£Lfc»gSgriwfSGa N®(C^^ 
•^■T-SA U.Ga,, I n„Nli 2%jyT©^^^ 
T5A 1 „Ga„ I n ia N)liBUlEGaNB^^^ 
TSA 1 » J Ga v3 I n Bj N**JB«fcrS*ffi-C*-5-C. 
BUfEA 1 Ga I nN^H«©^fiSttTJMrJl/T5>&. 
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# £7>*-7©S£M*4*^II§«4£T4C±%1$»£ 

-r&„ 

[0013] fft3<II4ieiS©A 1 Ga I n NitJg&O*^ 

mm<ovmjjmt, mmmmi . 3fe$s©A iGain 

NSM©^J^£R0^2iei!t©A 1 Ga I nN^H 
©ff*J&£i*CC*jt,>T. A 1 Ga I nNffltt3j|^5OT:3£ 
*^tPM*4©^§raXW{Ctfl^ I n NJIiA 1 Ga 

n a -r s iki^ds o ig l imic * o jbrw sci 

£4$S4<h-f5„ io 
[0014] ff 3j»S 3 iBlgCD A 1 G a I n NffiO^lS 
*tttt. JD«i3tifc3i«*H±R:3iSs«BS5c3R*StfllR 

NIH&fl&RU huIHG a NJlLhJt A 1 Ga I nNlll^ 

^fiS-r ttmae^x . Miests^ies u fcttflM*©ia 

3fcjtg# 3 0 0 HHk/^W±T* o r . fglBG a NB* 
4>L<«GaN®Ji{CA 1 Ga I n NJl*»<E>&-5®at§ 

[0015] i9#II5tEl£cDA 1 Ga I n N &£©*£& 
Ga I nNmm^mt^micio^x, itmJj^tvk 

[0016] W*W6 lfl«S©A 1 G a I n NMl©^ 

Ga i nNmmzftm-r&fi&tcio^x, mmzstsm 
*4©^H«f x-mnmtiiztim o mum&wm±iatm 30 

L,icm.itmt-X^X'T)\;*)\,T 5 >3fc. t K^S»3^*> 

[0017] m$&%7 IE$X©A 1 G a I n NSIJg©?^ 
jfrffitt. *II»3hfcS«*ffl±«C3K«lBJUc3R**tfJS 

Ga I nNmm*Bf#,T&J?mcte^X, T>l*>lTZ 
b F73?>X&(s< BTiU+^r 5 >3fi. tF? 
^>S<bT>- : &r.T©ig^M*4?:^£J»fflm t: } : 'rftilBS 40 
«ai±KM I, LJf £ I, » T? 3 tmf&Ttm * £tf 

*T5>,1, b h"^>ifi£7>*-T©il-&JI*4£S 

tf nm%*p x bui ea{t»aH±Kjgfis t, tc g a n 
an *mmm t r z c t t r 5 « 

[0018] W±©lg*M(c*j^-C, »«£BBgGfcM 
*M*©lsHRaffiH:3 0 0|51^/^i:iT-Sci*sa$ 
O^., £?c v SiC, ZnO, S 

i, GaAs, GaP. I n P X$,2> C £#M3: bU„ 
[0019] 50 
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mm] A 1 Ga I n N»JK©*S B ^SCCfeWSPflgI.^ 
©— o«. A I N, GaN©/&6SJKlCj:kiKbT I nN 

©#*®fi#**i6«fcs&<^r*.&c£-c*s. -j-ft 

T>*-T%fflUr. A 1 G a Nfl^©fiSftSS 
tAlGal n Nfffl^f&ft^T 7>*-T 

i,\ I nN©#8?tcJ;-p"r I n©& 9 L<4> 
tti»fc*>. fflJ&©S«ttaifflJB-c. ^M©-=e*o^-©<£ 

[0 02 0] Sft&I 1 ©A 1 G a I n N*K©ft*ttf 
ft. !S*«2©A 1 Ga I n N^JBMKDffi»^ft«C<fcti 

*#*#«©MriW t I n©»W«i&^„ J: 
-pTfi£*J: 0 *>ffiat-CiftaH«: A 1 G a I n NWM'b L 
<«A 1 Ga I nN^d)S©Jf^5pIflg£ife5. 
[0 02 1 ] fmm 3 © A 1 G a I n N»K©fEK:frffi 

cc<fcn«. 7^^7i>i. tF7y>ia<«7 

;U^;U75>3F^ tF7i»Si7^7©fi^l|s| 
^fe^M^^fflt^TjSaf^^-tf I n . N/N/G 
a, Al, N/N©«fc5tcj^#**3£Etc»R±tett 
ifS-rSCiCCj:'?. SJft£?La54>&< In©IX0iA$n 
j^SSJti htctb, &5fc£ K) &> i&lmXffinh'Ste A 1 G a 
I n NWmi> L < it A 1 G a I n N^«Bt©JBfiStf*pJte 

[0 022] AlGaln Nj9JK©ISffi^ft«:il^<&n 
a.*©—- »T-K^a«3&J«ci,»ciT*S. 
«, -9-7 t -TraffiiCCA 1 N^Ga N©#MlSaiB* 

/M/rss^b«»WSI©^4ffo-c«,»fc*. tf7 y<irm 
mtMJL&mmxmmmk+mm&t Lttt^tt-* 

S„ U^4>, A 1 N-fcGaN2MMSjlJl£©lfflK:tt. fiS 

». ai«i©iwBrfs£t,fcett©£»*+#fflffl-rs 

[0 02 3] l»*JB4 ©A 1 G a I n NWR©fP»*ffi 
{Cfctitf. A 1 Ga I nNWR^JSWSSJtC^ife^fir 
TSA 1 Ga I nNiffif&^£BE^r&©-C. SSWH^ 

6«^cfc(£fi[«iirt*ifii^©a»jsJE^^*< Jits*: 
ft, ±ajjB^©(a»*sft*w{cwfw-c#waHttA i g 

a I nNli^Kt^^. 

[0 024] m^95 . 6 ©A 1 Ga In NfflB©fHK 
^ft(Cj;n«. mt*^y=i>*«Lh«:A 1 Ga I n N 

S i C©*g^i5c«^b«5©tS^«S[<!:i5t^c 
*g£fc©jfe£#SMHWSft. *fc^^©JS«Kct>38i* 
&$>&tcit>, A 1 Ga I n N?SM'N©3aa©fetB4^:ita 
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[0 02 5] IftjRiR 7 ©A I G a I n NWK©f^*Wffi 
(Cfctitf. m«Ga P3£«±tCA 1 Ga I nN?SJII£ 

«F«j3&>6P*i»llfr6CitCj:0v GaP*e,GaN'N 

3ft. *fc«IS*©liflItC<>Sb**sa4A:» v A 1 Ga 
I nN»JB^©|gtfl[©©»*^:S«:{S«r*S. 
[0026] c©«fc5K: -9-7 7 Y7^ttDJf), ^fttW 10 
©AlX©8A&:Sfi. Mit-tfi/ 1> 3>»Ga Pffig 
Jbfcfciefi.K8:A 1 Ga I nN»Bte)»JiS*t?rfiB-C* 

[0 0 2 7 ] Ifctfot, *«IBtt»jlSa*©iftC>»fe 
[0 02 8] 

Ti5-ap»«:oc»T«ia— ^*ia-r. 20 

[0029] AlGaln N»JR©»6K:tt v 0 1 fCjfH 

jew i ©rta»cfcCB3e(w^»A« 2 aw 0 e>ft-c 

fc<fc CttBR'££& M*4 1^ ^FtC # J: *> tc % o T 

cseksjs* 1 ©^jaKtaniaaainsRffla ^ 3 

SStH2^^-4»*-^-(c<fcori 0 0 0 [eJfs/^S 

£„ t hUi-9-fe 7-^-4 IfflKB, S^SJbb 

- 6 ±{CtgiE5 n/c«® 7 AJiSM-C^ 6 <£ 5 ttfllj&i a 
otni. 53S»Kl£«l©]£8IUc 

1 rt©BE^P^Si>***x©gm*5-c* S «fc 5 5C& or l» 

[0 0 3 0 ] (SUSfll 1)02 cc*«w©3f— ©SQfi« 
©A 1 G a I n N»R©mJfe&ffi«:J: 0 ffRUfeA 1 G 
a I n Nfl©!Sfif jli^St. 0 1 ©MOV PEg 
l^fflC^cA 1 Ga I nNaWRO^fiJt^ffitC^OT. JW 40 

[0031] (ii ni^'ja 1 1 &mmm& 

Ltc&> h U - 6±tc*6gJdfcftfiffi£ LTIBig 

U 53l«SlB«ll*J«:ijpAl/fc. 53?MSJ5£* 1 rtfc 
7k^*'^^AL/dI. 53@RSt£« 1 ftf±j]% 1 / 1 
OiEKtSL, V^VvA hat-0"fe:/* — 4*8O 0 
laHte/#T'IIIIE3-i*ft:. t|<^**^. cfc y^7~7 r 4 vmv 
-fe:/£-4£ 1 2 0 S-";r3>S«l 1 

3£Ii©7iti?K t£'ff o fc„ *t£ia@L£ 6 0 0 "C * XWU. L 
/cfg. 5^K*'XiAf2^6->'J3>i«l 1I±(C 50 
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V»f4£ L-C t F 7is>&mA U 1 #f£(C 3 gUBft 
ilth '.M^Jl/tf 'J^AfczgAL/c $£J?2 0 nm© 
^W&AG a Nfl 1 2 **«Lfc8L h 'J J V 

ssiaja^ i o o o'ctcmuu. vmmnt Ltt 

F5^>icmrT>*-7£^AU l#f£{C3]j£M 
*4£l/"C h i)S?)l>tfWA£iZALtc 0 mm3 wm© 
Ga 1 3 £fiSfiUfc«. h 'J ^ *)l>ti V 0 A©agA 
£#±G/c. 3MmfiJfini, GaNI13Siaf 

ii£ o , mm^wfr u /c^©em«« u < <s 
i$3ft/c sfc^r. «igg^8 o o°ccc^gL. h >; 

^f-;U^>J >)A, h «; y^-Jl-T/l-S-^Ai h 
^>v>t>A£F«t2gA0. Rj$0. 5*zm©Al„.< s 
Ga 0 . s I n,.,,NJB 1 4*J5SRLfc. h <)J?-)ltfV 
•t>A. h I^^UTJl/S-^Ai h IM^M^S^A 
©jgA^ffihO/d^ »«Sffi«rl^?aU3 0 0'COT© 
SJfftC% ofciC^t'b K-7^>i.T >-*^- T©2@A* 
ff±bfc 0 aSfi©ia]S*^»*-cl»T3-ttit». 53tSU 

[0 03 2 ] ^777-/ hUttJ-fe^-4* 1 0(5115/ 
5>T'[5JK2-&/ciS^«. S^*'X«A s g2tC^S©>5 

moi nmj&wo. o 2r*abofc©ccMU. #H*£#1© 
S^S^^^AS 2 ^©JSl6*fiS«j©^#Bd> 
& < . it® --rt^JfiK: «t * <h + + 'J T?^Jg« 1 0 1 5 

c m- 3 tm^>-cxmo'ptj:^m7zu^mhntc a $ 

/c. InM«0. 0 5£&D. 8 0 0 (5JlK/^©l®a 
|5]e(Cj:i3 I n©aSJ«)ii*n**J*tt*:'r*C£ 5 &WBO 

fc„ 8 o o - c<b®sr*Oi&*5e). iooo'c-c^sl 

/cG a Nl J; 1 K a a D«^07cil^f#6tl/c o cne»© 
fc F5y>£T>*^r*l5l«PK:j»ALA:C£ 
ic<J: SS*$?L©fiiM' I n ©^©WfiJ^-C* 

[0033] (^sw 2)03 ^mmm-ommm 

©A 1 Ga I nN?*JBB!©^fiE]trjSK:<fc»)(¥«LfcA 1 
Ga 1 n N^Jlli©Wrffi^lig0r- I1CMOVP 
Emmzm^tcA l Ga I nN#aM©BRS^iCO^ 

[0 034] < 1 1 1 ) Ii/';3>Ifel i 

L, S^MSJE^lrtCC^Abfc. S^SJSfSW 1 

*3R^x%j»Aufc». 5^JSEfs© i \nm.t>* 1 / 1 

0^JBEfC|9:^L. ^77 7 -fli!t-fe7'i'-4?:8 0 0 
lsJlK/^-C'|5J$K3#3t 0 7k***^t>-C'^7 7r-Y hS!{-9- 
•te^-^-4^ 1 2 0 0°C£-C#SU t";3>Ifil 1 

3M(Dmmt*ft-ytc a mmu&* 6 o o *c*-c»ja i> 

tcm, 5^^X^A«2 -> <) 3 >S« 1 1 ffl-ktc 
<t L X h 'J * >) 0 A^A Ofc„ 
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[0 0 3 5 ] BM2 0 n m©#MI|gfiG aN112*« 

zmmmt uxm^tc, iooo-c 
t£«au i fmK.3msmt lx b * =M/#y -5 

AiiAlfc. MJ?3 jum©Ga 1 3^Ilfc 

[0 0 3 6 ] 3 ymfiSS-r^i. GaNJll 3^Eti^ 

MStifc. 'X^Xs ««i&K£8 0 O'CtcFSSO. h y 10 
■X^i/tf y ^a. h ^y^-jur^s-^Ai h y^;i/ 
^>i^A£|5jB3to:igAU Ga NB 1 3(C&^$I-&L 
tcMmi. 0 /imOA ig. ls Ga,., I n„. 0 ,NI 1 5 
^J&SL/fc,, HJ^JUtfy >}A % h^W^S- 
■? At h y^>M>^A©zl>A ; £ff±b/cf£. 

fig?: 7 o O'csr^ao, h y^^utfy ^Ai h y 
y^^-O^^A^IslB^Jc^AL, *HF-*K*feojRjg[ 
0. 0 1 Mm©Ga„.. I n t .,NU 6£j&ftUft:. & 
1>T> h <JJ?)W<) ^Ai h 'J ^ -f>5^>A©3» 
A£fi*±l,/cf£. »1£fiJ8£8 0 O'CSt^igU, MJ 20 
^W'J^A, h y^^JUT^S^-'J'Ai h 
^^^AWKiAL, GaN113Wl^L 
7d|gJll. 0um©Al,.„Ga,. 1 In,., ! NI17 

S«SJg*^SL'3 0 0*C«T©iSS{C^o/ci C6"C 

£^fi£ r»T § ttfcfft. 535KSl6e 1 1*1 J; 0 S«£ 

[003 7] f#e>*lfcA 1 Ga I n N ^JHt©*®ttit 30 

7* h^5*?*>*»J5£©*S!|l. Ga,., 
ln..,NIl 6*»6©8i<,>^£itlgt_^c„ 
[0 0 3 8] FMlf-te7'^ — 4 ^ 1 0 |5||k/ 

js&iawtoHWu »?>nfc$ss*iB«eiGar-Ga i n 

NH© I riffl/S^O. 1 2-CAofc©{C>tJL. *»SW 
©f^te. S3S»//^»Ae2^©Sl£ifiSe»©ft«B 
4>fc<. InUfSttO. 2 8 0 O@IS/0-©@<K 

KcfcO I n©^9ji$tl^©^A£5ttgl-fc 0 8 0 0"C 
£fgfi-C£> 1 0 00"CrsSfil/cGaNJ:0 40 

zmm&MDi&ffiSLV i n <DMWL<Dmpm%kx$> <o . is 

iSiafeK £ **XSfc©*f«E«iWSDfJK*4©3»*Wttffi») 
[0 0 3 9] tSf?®0*5Ga I nN^iAL 

Tfe»^iE^Baii5iiea©isffltt&«i#utt36Je>. ^ 
[0040] emmrn 3)04 k^smhcsih©*^ 

©A 1 G a I n N»M©Jgfi!Wrft{c«t »3ffiKL/fcA 1 G 50 
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a I nN«K©WfflflH5|g|*^-f. Bll©MOVPE^ 
IE£ffll>fcA 1 Ga I nNSI(Dgj»MKoi,^, JIM 

[0 04 1 ] (111) I->'J3>I«1 1 
b/cm. ±Kfc§HJ&ft»«£ UtgHg 

U S^MS^lrtCC^At/c ^SHJE(t?B 1 rt«C 
?J<5g#x *a»A b/cfl. 53SS?Kl£?g 1 rtffi^)^ 1 / 1 

oMs.icm.mb. ^77 7 ^ntt7'3i-4^8oo 

1 2 0 0'CgxmUO. 1 
fcfft. S3£JK#*i»A«2 *>6 f y a 1 1 HJbK: 

vmnmt ox t h-7i»^@AL. i^»*c3«as(fi. 

GaNfl2 %iH8! 0 fcflL h y ^ y 
[0 042 ] -X^X\ mW&m* 1 0 00 °C(C^Sl/, 

vmm&tisxt b-7i»icmz.xT>*:~T$:mA 

u i»atc3«5isi4torh yy^i/jvy>A*WA 

Lfc„ MJ¥3 um©GaNBl 3*Ml/fct, M;^ 
^^y>A©»A%fl»±0/c. 3umfiXSnt, G 

a njb i 3 mmt^mt * k> . l/cx 
Ri©esR«*u<i5«snfc. ims^so 

O'CCO&SU h yjt?)l>tfV ^A<t h U ^ 5-;bT;U5 
-=-?A£fnIB#iC2tAL/. IJ12nm©Al„. ) Ga„. f N 
«18?rRSSL7c„ h Vstf-frUV >5Ai h y^f^JI/T 
jUS^-'i'AO^A^^Ofc^^ h MfJWJfAi 
h •;^^7H'>v'>A^|S]B=!f(cSAL/, IJ?2nraCDG 
a... I n.. a NJBl 9MSlfc. itlt 4 0 JS)W© 
A 1 ..jGa.^N/Ga,., I n „ . , NHStS^-2 0?:^ 
fiL/cf£, W^b '^^MU ^A*^ALMJm2 (im 
<DGaN12 1 =SrfiSSUT h 'J * 9-)l>*J'J *5 A©2^A* 

(?jhLfc„ h ^ji/^/'j-i/A, hu^^jur 

JlS^Ai h V^^^^^^^A^IsIBStc^AL. Ji 
^0. 5(*m©AU. <s Ga,. s In 0 . a! Nil4^ 
mUtc. h <J jiT-JlUVyA. h yy ^;P7;l-5^.>i7A 
£ h y^^;l-f>^^A©«A ; £^±L,/c^. 
?:P5S L 3 0 0 •CJKT©fiflKfC ft^ic^rti^y 

[0 04 3 ] A l.^Ga.^N/Ga,., I n 01 N^e 
2 0 4iAT Z>C£t,c£-oX SSWM^ t fc 

xmazmmtsm o < mmz n> nam 1 ©w^tctt^r 
s e cc 2 ffiss©^FS*5fgM $ t#6 nfc$s a B B ^ffi 
ttttffl-c* J: s i + * y Ti^Stt l 0 ' 5 c m 

- 3 WT-e*f3. ^SiaK* s 8 0 0'C£{ffia-C^>0^* s 6 
1 000-CtfiSSLfcGaNl, 5 6«Ctt||J(g«l (DM 

[0044] (m&M4 ) Bl 5 CC3|s:|feHjcr>^H©IISS^ 
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©A 1 G a I nN0rmm<DBf$.-fimc£*)il;mLtcA 1 

.Gain N&mm<D&immmi-v&2 >< , m 1 ©mo-v p 
Emmzm^tcA iGai nN^mmmmyn&c^ 

C004 5] (Ill)li/«J3 >S® 1 1 £W$li5fc& 

Tk^^^AL/cft. wmKf&et i i*iee*£ i / 1 

•fe:/£--4£ 1 2 0 0'C£X'mUL, :>yn>«$gll 
«ffi©rf^t^fo/c 0 «teSa€:6 0 0°C £-C\%UL 
tc'&. 53l^3!7 XsgA'g 2 #> 6, 1/ <J a >K« 1 1 M±ic 
VfiRJSI44L-Ct K5J?>*59Al/. 1 affttc 3 f)UK*4 
iOth^^M'^AilAOfc. M/?2 0nm© 
INMfeSG a Nf 1 2 h y * V 

C0 04 6] «&}Sg£ 1 000 "CfC^SU 

U l7H£(t3j5£Jll4<tLT h v ^^ji^vyA^mx 
L/c flt/S3 Mm©GaNJl 1 3 £j&RL/cf& hV^ 
^^^«;^A©^A5:f#±Lfc 0 3Mm)&BT££, G 
a Nf 1 3 mmictW-iB t U K) . StiffLMfr ^mLLtcX 

h V ^^-Jl^Oiy'f^^mmicmAU, G a N 
11 3(Cf&T-S^U/c|g^l. 0Mm©AI„., s Ga 

.. 5 I n„. 0S NJi l 5%j&S:Ltc Q h >; ^ y >i> 
*gA£»itb;fef&. »SS)K^6 0 O'CS-cp^SL-fc., 

3ci»r. 06(a) ©is^*r^©fi9&#)«tc^vrj:5 

K. hM?-JM>y^A^AHnN2 2^1nm 

M'J^Ai h ^^^T/R-^AIriAL, lnm 
©AlGaN2 3MlLfc. t©<fc ^(CLt 3 0|B|3S 

[0 04 7 ] C*UCj:»JjaHHW&A 1 Ga I nNS2 4 
Zfci&Ltc, h y^^;u^y>A£ h yyT-^rrt-s^ 
A©2gA£fPlt L 8 0 0 "C$ T'#^& 

U hy^^^^'y^A, h'jy^^s^Aih 

y^^Jlz-O^^A^Isje^c^AL. GaNJB13tO» 
^FSEt^LfcJKWl. 0 Atm©A 1 ». 4 s G a „ . s I n „ . „ s 
NJg l 7 ^SKj&go/c h y ^ 9Mt,#y a. h y y 

^Jl/TJbS— ^Ai h y^^M^i^AC^ASrfW: 
L</d&. afeSS5rP5SL 3 0 0 'CWT©SJgic /c 

[0048] f#e»ti/cA 1 Ga I n N^JlBg©*M«M 
ST-*. 0 . V * b)l> 5 * ? 42>XjfliJS©^m. 1 n N 2 
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2iiAl GaN2 3»©SBt&^*6tt&J8{RW&A 
1 Ga I nNB2 4 35»6©atl»»*%WB0fc. 

T, ^TiCtj: Uf 4^ofc5 0 0 n mJi(±©i&m©ft 
l^:&£f4 a C £ £ fc o 

[0 049] 05(b) ©JD§E&#*eU&*jetC7i* 

[0050] ( mmm 5)07 {c*56«©*E©i6ssfc w 

©A 1 Ga I n NWJB©«5fiWffiCC <fc OfPMLfcA 1 G 
10 a I n NSM©»t®1tj&0$:^T„ il.OMOVPEg 
a*ffll»fcA 1 Ga I nNii<WKS35«lC-X>t, MM 

[0 05 1 ] (111) I->'J3>IS 1 1 gftttfttf* 
U S^mSfBtlrtfc^AD/c. 539!L5J#K 1 f*3(c 

ymtf^mx btt&> &mm.ttm 1 i*jee;>j£ i / 1 

0&EE«C8KeU ^777 -< \-m-9-z-7%-4%8 o o 

■fe7^-4^i2oo-c$r§iai, ->'j3>iii i 

^Ytil 2 5 t fc„ a*gas£ 6 0 0 "C * -ci$s u 
/c^, 5^**x^A'»2^6i>y='>StSl 1B±{C 

v)»4i it tF5 y>^#Ao, i &mc 3 fynfl. 

ilth^fMU^^iALfc. !W2 0nmCD 
^W^G a N Jl 1 2 *itab t- 'J ^ V 0 

A©^A^1»±Ufc 0 cfttaisiiLTffli,^. y?c» 
•p. a^iais^ i o oo'CK^iat, vsaa*4& 

K7y>(dDit7>*i74IAl, l^-f^C3^M 
*4ib-C h ^?M'J-)A^Alfc. 
30 [0 0 5 2 ] JHJ13 Mm©GaNjll 3£)&gL/cflL 
h M^1/*''J ^A©^A*l¥±Cfc 0 SiumJSS-r^ 

l/^B©GJR.*3»L<(a«Siafc. ^t^r\ Sti3ai£ 
^8 o O'cwiu H yy^ju^y ^a. hyy?-;u 
r;i/3-^Ai h M^K^y^AWKiAL, 
J^?0. 5/im©Al,. (i Ga 0 . i In ( . li NI14?: 
fiS&lfc. h } J jt&Jl/tf'J A, h y^^JUTJUS-^ 

Ai h y >?;M>^7A©iA*Mim ate?a 

S^PfaC3 0 0-C«T©?SS«C^CofciC5-Ct: F7 

40 ^>i7>*^7©^A?:MLfc„ a«©ss^ra 

[0053] *«i««cj:ti«, iien&issiu^i 
■c^-^^ccjc^i^i- yrssstt 1 o 1! cm-'JWT 
-c* o . fissas^ 8oo 'Ciissr-* <o 1 o o 

0 •C-CJKfiL-fcG a NIB. 3 e»K«HJ6W 1 ©*!£•<£ 0 

©#6^«« L, < ffiHH 3 mmW l ©J^tcib'sr 3 6 
50 {C2«eflE©^RS*«fi«3iifc. 
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[0054] cammismit. v-y r jrmMzm^tc 
c o o 5 5 ] ) ms ic^mMcDm^mmm 

©A 1 G a I nNMm<Dfcf8j3mi,Cj;!)i f fmLtcA 1 G 
a I n NilBI(D8lf®^3*S^T„ I21OM0VPEK 
S?:ffl^/cA 1 Ga I n N»H©ff?>£:*r&(coi,>T . « 

[0 0 5 6 ] (111) ffi^'J =i>»«l 1 £W«lifc# 

U S^^JSJCS© 1 fiiciALfe. S^JKjSg 1 |*KC 
*S^?:iAl/dl 53eKK*£« 1 rtEE** 1 / 1 
0«EEtcS3£U ^777 4 hMlt-fe7 , ^-4%8 0 0 
@te/#riel!SEi*-tf-fco *S*'x4i-cy7 7 7'f HiSHt 
-tz:/£-4£l 2 0 O'CtX-MUU. i"j3>Iin 

#*>SA1f 2^<E>->y:3>Stfcl lffi±«eV;KIIJ{*4<bL, 

^JltfVyA^mXbtc, H2 0nm©»fe B B Ga 
NH 1 2?ritaC//d*» H V ^ 'J 0 A©a|IA€r# 

[0 0 5 7 ] -X^T\ mmWi&% 1 0 0 0 'ClCg-UU, 

l#^C3Mf4<tUT h M^WJ'JA^iA 
lfc„ IS3 fim©GaNil 3^filfct, h >) J 
A©j*A£ffihL/i:,, 3 MmfiSfit^i, G 
aNJf 1 3«Mtt¥tB<i;&r>, StSW^^felfc^ 

o'Ctcp&au hyy^wij'jA, hyy^v/Jbs 

0. 5«m(DAl,., s Ga„. i In 0 .„ ! NI14?:M 

h y y^;W>^A©>gA£»jLhLfc^ 
P3S03 0 0*CJUiT®affitCi&ofc<tC*t?t K7^> 

[0 0 5 8 ] #SUSffl©*§-£{£. f#P>tl/c^e^ffii«^ 
WC*- JH8MMC «t & i: * + y rr«K« 1 0 1 5 c m- 3 a 

TrsiO, j£g?a&# soo'Ci iar* k> 6 1 o 

OO-C-Cf&gL.fcGaNJS, 3 6fCttHj6« 1 ©*§£■£ 

s«i ms^r^t-r-sciiCcfco. s«#a^p><D^ 
p§©ffc£»*u < fru^fl ?nt ttft. mmzmit-rzc 

[0059] ccw^fis^st*. t jrmuzm^tc 
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m^iat±< mgAtWbhtvf, y =>>»©©£&£ jc 
[ooeo] (h%m 7)09 ic^mom-tommm 

©A 1 Ga I nN»R©#fiR^K:«fc0ft3Rl//<:A l G 
a I nN^McDSrffl^itH^T,, H1CMOVPE8 
■*fflt»teA 1 Ga I nN«JBOJ^jaWffiK'Ot»r, MH 

[0 06 1 ] ( 1 1 1 ) ffiGaPffig2 7£W$»0 
fcffc. £HS h u- 6 iKfeSsSfiKtRi LTSBBU 
io e^S^JS^l rttc^AUfc. SSEREl&eirttOkj* 
^*»AOfcft. 51SH5t6« 1 rtJBb* 1 / 1 0 fv 
E«c»5£U ^^^t h^-y-fe^^-4^8 0 01I4E 

S£ + /-fe-7"£--4£8 0 0°C£-C#?SL, GaPIl2 7 
*ffl©«#lb ; &tfo/c 0 *X7^><DiA^ff±U b 
K^>£^AU»«aM(C^tJI2 8£^f£L/c 0 & 

*6Ga 7B_Bc3j5£M*4£ It h 'J^^W 

'JfAiiAl^fc. Hlil2 0nmO#W B GaNIl 

OOO'CKffSU VMSI4ilttK5J»H:Mr 

[0 06 2 ] «m©Ga Nl 1 3£j&fiUfcf£, 

5:8 0 0°C«C|^SL. h'J>f;W^A, hyy^il/ 
30 7^S-^Ai h >> ? ^A*|5l^F(C^AU. 

WmO. 5/im©Al,.„Ga,.,In 0 .„Nlgl44 
fiKSL//c„ l-MfM'j'JA, hy^^^T^S — 0 

S5:F*S U 3 0 0 •CtnFCDi&KiC tt-sfciC^TtF? 

[0 06 3 ] ^ffeBJfCcfcftkJ!. tf 6nfcig B ^aM«^M 

UcAlGal nNip]gS©i©D D D«^E37cjl H ^sf#6 
txfco *fc, GaPl«2 7mM^S{t-r-2>CiiCj; 

[0 064] XLCMfSufrmX. G a PttfeO^tC^to 

^©SS«3 r«%li a A 1 Ga I n N^Jl)!i©^^K^ 
50 ^^^^©r-^ci^ 
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[0 0 6 5] * 

Rg©iKcC> I n£StrA 1 Ga I n N»M£ffij&-e;g=l 
[0066] ifc, InNiAlGaN^SiKMl 

■ttffiBm&mmic&^xA iGain N»n*«jitrs 

©T. .fcOift&HttA 1 Ga I n N»il*J|gj*r**. 10 
[006 7] ^fc. AIGaln N»JjBBfiR«c5tS[% A 
1 Ga I n NfiiH***ift*JB«M-*©-C. $£££©£$* 

*»L<<S«ki«&»&A 1 Ga I nNIM»t 

[0068] ffifitewi*RW{c^triKfb»-^aE 

{bJf £G a N4*©*#*Sft»K:5fefi%»jair S©r. Is 

•ana A 1 Ga I nN*9|gR6-C*S. 
[0 0 6 9 ] Utc&iX, A4&ME®Jft>*eft%?<f 
*- F^flMH#gi»5«ra^fc i'Kll^C <t©T?£ £ 20 

[HiBCDflMt&ttlli] 

[ni] coswo^wo^js^fcttw-rsMov 

PE^g©«BS® 

[02] C©»W©#— ©agfeWOA 1 Ga I nNIM 
<D&J$Jymc£ZA 1 Ga I n N 8MI©WriS1# B0 
[0 3] C©|%W©m-©SIS6^J©A 1 Ga I nN^I 

moitm-ftmcj:*, a iGain N&mmcowmffi&m 

[04] C<D&W<Dm=<Dmi>m<DA 1 Ga I n 
<D : fcl$35mt£.Z>A 1 Ga I n N3illl©tftiSt&ilM 30 
[05] C©^BJ©mEa©HJS^J©A IGalnNlii* 
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A 1 Ga I n Nfffll©BfMtg)t0 

[ 0 6 ] c (Dmw<Df&vs<Dmm$ i©m*4**x ©tt^jn 
0 

[0 7 ] CO#BW©*E6M)Stt«OA 1 Ga I n Nftjgt 
©J»j&CcJ;£A 1 Ga I nN^M©»TM^3S0 

[0 8 ] C©^B^©^A©^ifeM©A 1 Ga I n NjSJig 
©Jfm*n£tt:J:5A 1 Ga I n N ^M© WEB+83S0 

[0 9 ] CO^ISOitO^feWOA 1 Ga I n NSJH 
©ffM2f<£(Ccfc£A 1 Ga I n N ©$rffi$£it0 

[##©I&03] 

1 53l*tSlS« 

2 s^M^x^A© 

3 MSi&ttMffi^-i^l' 

5 •V-fr7$-3&m 

6 5$ghP- 

7 fflS 

8 »«□ 

1 i ^>;3>afe 

12 fffe B B GaNI 
13.21 GaNl 

14, 15. 17 A l,.,>Ga 0 . s I n».„ s NJ1 
16. 19 Ga,.,In,.,NI 
18 Al.jGa,., N® 

20 Al,. J Ga t .,N/Ga,.,In ( . i Nia^ 

2 2 InNI 

2 3 A 1 GaNJl 

2 4 SifKtfJA 1 G a I n Nl 

2 5 E^tJB 

2 6.2 8 mtm 

2 7 GaPlI 
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